e describe 24 fractures of the tuberosity of the calcaneus in 22 patients. Three were similar to the type of avulsion fracture which has been well-defined but the remainder represent a group which has been unrecognised previously. Using CT and operative findings we have defined the different patterns of fracture of the calcaneal tuberosity. Ten fractures extended into the subtalar joint, but did not fit the pattern of the common intra-articular fracture as described classically. We have defined a new pattern which consists of a fracture of the medial calcaneal process with a further fracture which separates the upper part of the tuberosity in the semicoronal plane.
Several types of fracture of the calcaneus involving the tuberosity or body of the bone have been described. The most common is the classical intra-articular fracture in which the tuberosity is broken into three pieces of varying size by a sagittal primary fracture and a transverse secondary injury. CT has greatly enhanced the understanding of this fracture and allowed the development of a rational approach to operative treatment. [1] [2] [3] [4] [5] [6] There are two other rare fractures which involve the tuberosity of the calcaneus and are said not to involve the posterior facet of the subtalar joint. The beak or avulsion fracture occurs in osteoporosis and in the elderly. It separates the upper part of the tuberosity through a fracture line that is transverse or semicoronal [7] [8] [9] [10] [11] (Fig. 1a) . Finally, an isolated extra-articular fracture of the medial process of the calcaneus has also been reported (Fig. 1b) . 7, 12 Our aim is to describe our experience with fractures of the tuberosity of the calcaneus. We will define the different patterns and indicate those which extend into the subtalar joint, but which do not fit the pattern of the common intraarticular fracture of classic description.
Patients and Methods
Since 1988 all patients with fractures of the calcaneus referred for treatment at the Bristol Royal Infirmary have been entered into a prospective database which includes details of the patient and of the mechanism of injury. There were 24 fractures which involved the tuberosity of the calcaneus, but did not follow the pattern of the common intraarticular fracture. The anatomy of the fracture was studied on plain radiographs, coronal and axial CT and, at the time of surgery in 11 patients. The calcaneal score, described by Kerr, Prothero and Atkins, 13 was used to assess outcome.
The mean final follow-up was for 31 months (4 to 120). There were three simple extra-articular avulsion fractures which were similar to those described previously. 8, 9 These occurred in elderly patients with osteoporotic bone after minimal trauma. In five fractures in four men aged 19 to 41 years, there was an isolated fracture of the medial process. This followed a fall in three of the patients. The remaining 16 fractures, occurring in 15 patients, were of a type not previously clearly identified (Figs 1c and 1d, 2 to 4). In all, a fracture of the medial process was present (Fig. 5a ), which was similar to the isolated fracture of the medial process (Fig. 5b) . In addition, all cases had a triangular fragment separated from the upper border of the tuberosity of the calcaneus, similar to an 'avulsion' or 'beak' fracture. In contrast to those who sustained a simple avulsion fracture, these patients were young, with a mean age of 30 years (15 to 51). They were also significantly younger (p < 0.001) than patients with the common sagittal intraarticular fracture whose mean age, according to our database of 250 patients, was 43 years (11 to 82). The gender distribution was similar to that of the common sagittal fracture, there being 13 men and three women. The mechanism of injury was a significant fall from a mean height of 4.2 m (0.6 to 7.5). The mechanism of injury and height of fall were similar to those of the sagittal fracture.
Individual fracture fragments
The fragment of the medial process. The medial process was fractured in each patient apart from the three with osteoporotic avulsion fractures. In the five in whom this fragment occurred in isolation, the fracture was essentially undisplaced. In the remaining 16 fractures, the fragment was displaced and associated with a further fracture of the superior body which is described below. The fragment of the medial process was of a consistent shape, whether it was an isolated injury or associated with a more complicated fracture pattern. This fragment is clearly demonstrated on three-dimensional CT reconstructions (Fig. 4) . In the coronal plane, the fracture began relatively superiorly on the medial wall of the tuberosity and then passed inferiorly in the lateral direction. It ran obliquely downwards, either to the inferior surface of the calcaneus (Fig. 4) or to the lateral wall, albeit at a level lower than the medial side; thus the fragment of the medial process included the lateral process in 60% of cases.
The fragment, when displaced, was impacted into the main body of the calcaneus and displaced medially ( A lateral radiograph of an extra-articular fracture of the tuberosity with a fracture of the medial process. neus (Fig. 4c) . The fragment was extra-articular in six fractures, but in a further ten the anterior part of the fracture line passed across the whole width of the posterior facet of the subtalar joint. In these cases, when the fracture was intra-articular, the posterior facet was divided into anterior and posterior parts in the coronal plane (Figs 1d, 2 and 3). The intra-articular fracture passed through the middle of the posterior facet of the subtalar joint. The superior fragment displaced upwards, presumably due to the pull of tendo Achillis, and rotated so that the posterosuperior border moved upwards and the posteroinferior edge moved posteriorly, compressing the skin at the back of the heel. The fragment hinged on its anterior apex as it displaced so that a fracture which had minimal displacement anteriorly was often significantly displaced posteriorly, potentially giving rise to a heel boss. This phenomenon explains the disability resulting from so-called 'undisplaced' fractures. Operative technique. It is our policy to treat all displaced calcaneal fractures by open reduction and internal fixation using the extended lateral approach. 14 The three-dimensional spiral CT reconstructions of a fracture of a medial process with an associated avulsion fracture of the superior body. CT showing a) how the fracture of the medial process in conjunction with a coronal 'avulsion' fracture, is similar to b) the fracture of the medial process which occurs in isolation.
vation of soft-tissue attachments to the avulsed fragment. The fracture is reduced and held with large reduction forceps. Our method of fixation has changed over the course of the series. Initially, we used a single 6.5 mm cancellous screw as advocated by the AO group, but subsequently this was changed to a plate and screws. Dissatisfaction with both of these techniques led us to develop a method of oblique tension-band wiring (Fig. 7) .
Two 2 mm Kirschner wires are passed across the fracture from superior and posterior to inferior and anterior. The entry point for the wires is just anterior to tendo Achillis, which is protected by a soft-tissue guide during insertion. Inferiorly, the wires pass just lateral to abductor digiti minimi, which must be protected by a bone lever. A figureof-eight tension band wire is passed around the ends of the Kirschner wires over the lateral wall of the calcaneus and tightened to obtain further compression. Before the application of the tension band, the ends of the Kirschner wires are turned over outwards; the wires can then be rotated through 180° so that the ends lie snugly against the calcaneus before the tension band is tightened.
Postoperatively, a below-knee plaster cast is applied with the foot at a right angle. The use of an equinus plaster has proved unnecessary and such is the strength of the fixation that immobilisation in plaster is probably not required. It is our policy to keep all patients with intra-articular fractures non-weight-bearing for six weeks.
The four patients with displaced fractures which were treated non-operatively had contraindications to surgery.
Results
The fractures which were treated non-operatively healed relatively slowly. As may be expected, the four patients with displaced fractures who were managed non-oper- atively fared poorly as judged by the calcaneal fracture score. They complained of misshapen heels which interfered with footwear (Fig. 8) . The eight patients who had non-operative treatment because the fracture was not significantly displaced, did not have uniformly good results. One developed severe pain at the insertion of tendo Achillis and, in a further two, there was a painful heel bump. This was due to backward and upward movement of the inferoposterior edge of the upper fragment of the fracture, some of which was, in retrospect, visible on the initial radiograph. Further minor displacement may have occurred during the healing period. Small displacements at this site produce a heel bump which may cause marked local discomfort.
Operative fixation using a one-third tubular plate or a compression screw proved to be unsatisfactory. These two techniques did not provide a stable reduction, and a prolonged period in plaster was necessary to achieve sound union.
In contrast to the other techniques, the use of an oblique tension band was technically simple and provided strong fixation, so that union occurred rapidly in a satisfactory position. Loss of position or problems with wound-healing were not seen in this group. No patient treated with a tension band has complained of symptoms from the fixation device, none of which has required removal.
All of the patients treated operatively had a good final outcome (Table I ).
Discussion
Our experience of fractures of the tuberosity of the calcaneus differs from that previously described. Although there is no feature common to all the fractures they do appear to represent variations of a similar pattern. In elderly, osteoporotic patients, the fracture represents an avulsion of tendo Achillis with its bony insertion. It seems, however, that in younger patients, the fracture of the medial process represents the first stage in the production of a more complex injury. This fracture has been thought previously to result from vertical shear after an injury when the heel is in a valgus position. 12 CT reveals that the isolated fracture is identical to that which occurs in conjunction with the more complex pattern, the only difference being the degree of the displacement.
The configuration of the fracture of the medial process and its medial displacement indicate that it is an injury which occurs when the heel is in the varus rather than in the valgus position as has been previously suggested. 12 If the injury is sufficiently severe, the fragment of the medial process displaces medially and impacts into the remaining intact tuberosity. The combination of the weakening of the tuberosity due to fracture of the medial process and the pull of tendo Achillis is sufficient to produce a further fracture line which splits off the superior fragment of the tuberosity, even in bone which is not osteoporotic. Depending on factors as yet undetermined, the anterior edge of this second fracture line may pass behind or within the posterior facet of the subtalar joint.
In summary, we have observed four types of fracture of the calcaneal tuberosity ( Fig. 1) : a) the osteoporotic extraarticular avulsion fracture occurring in the elderly; b) the isolated undisplaced fracture of the medial process; c) fracture of the medial process which occurs in conjunction with a secondary 'avulsion' fracture, the secondary fracture being either extra-articular; and d) fracture of the medial process which occurs in conjunction with a secondary 'avulsion' fracture, the secondary fracture extending into the posterior facet of the subtalar joint.
The fractures from the last three groups, which include disruption of the medial calcaneal process, are all part of the same 'family' and result from a similar mechanism of injury.
The plain radiographs of an intra-articular fracture of the tuberosity show changes similar to the more common intraarticular tongue-type fracture, although with experience, differentiation is usually possible. CT examination is necessary for accurate analysis and to allow operative planning. A precise study is important since different methods of surgical treatment may be necessary.
In our experience, non-operative treatment of displaced fractures of the tuberosity has resulted in a poor outcome and optimal fixation of the fracture has been achieved using the oblique lateral tension-band wire. The alternative methods of fixation were unreliable, but nevertheless resulted in a good final outcome, although one patient required secondary reconstructive surgery.
We recommend that displaced fractures of the calcaneal tuberosity are treated by open reduction and internal fixation using an oblique tension-band wire.
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